Background {#sec1-1}
==========

Diabetes mellitus (DM) is one of the most prevalent diseases worldwide.\[[@ref1]\] The Kingdom of Saudi Arabia has a high prevalence of DM at 23.7%,\[[@ref2]\] and this rate is expected to increase to 44.1% in 2022.\[[@ref3]\] DM is a well-known cause of microvascular and macrovascular complications. Patients with diabetes often develop eye diseases as a complication. However, the most common and number one risk factor among these complications is diabetic retinopathy (DR).\[[@ref4]\] The onset and progression of DR is slow and gradual, advancing from mild non-proliferative DR (NPDR), indicated by the presence of at least one microaneurysm, to moderate NPDR, indicated by the presence of hemorrhages, microaneurysms, and hard exudates. The severe form is characterized by hemorrhages and microaneurysms in four quadrants, with venous beading in at least two quadrants and intraretinal microvascular abnormalities in at least one quadrant. Proliferative DR (PDR) is characterized by neovascularization, preretinal hemorrhages, hemorrhage into the vitreous, traction retinal detachments, or macular edema (ME).\[[@ref5]\]

DR is considered a frequent and leading cause of blindness, especially among the most productive age group between 20 and 60 years of age, with approximate estimates for the prevalence of retinopathy and vision-threatening retinopathy at 40.3% and 8.2%, respectively.\[[@ref6]\] Among the 37 million blind people reported worldwide in the year 2002, DR was responsible for 1.8 million (4.8%) cases.\[[@ref6]\] DR is also considered as the leading cause of blindness in the Kingdom of Saudi Arabia.\[[@ref6]\] There is a wide discrepancy among the reported prevalence of DR. The overall global prevalence of DR among patients with type 2 diabetes is 27.23%, whereas the prevalence of DR among different ethnic groups varies widely from 20.8% among Asians to 46.7% among Caucasians.\[[@ref7]\] Moreover, the data collected from the Saudi National Diabetes Registry indicate that the overall prevalence of DR is 19.7%.\[[@ref8]\] The risk factors are mainly related to age, the duration of diabetes, and glycemic control; other factors such as obesity, dyslipidemia, and nephropathy were variably associated with DR.\[[@ref8][@ref9]\] In Saudi Arabia, nephropathy, neuropathy, insulin use, poor glycemic control, hypertension, and male gender were found to be associated with significant increase in the risk for DR, whereas smoking, hyperlipidemia, and obesity were associated with significant reduction in the risk for DR among Saudi type 2 diabetics.\[[@ref8]\] Regular screening is the best method for early detection of DR and is strongly recommended since early detection has the best chance of preventing retinal complications and blindness.\[[@ref5][@ref6][@ref10][@ref11]\] In the primary care setting, patients should be referred by a healthcare professional to an ophthalmologist or an optometrist who should perform a comprehensive eye examination including a dilated fundoscopy. Such an eye examination should be conducted annually and at regular intervals thereafter as recommended by the eye care professional.\[[@ref12]\] Retinal photography can enhance the efficiency of screening and reduce costs.\[[@ref13]\] With the rapid increase in the prevalence of diabetes, the burden and cost of annual screening are rising with no evidence of significant rewards in delaying the onset of DR, especially in newly diagnosed diabetics with controlled risk factors.\[[@ref14]\] There is reported evidence that biennial screening is safe and cost-effective in patients with diabetes who have not yet developed retinopathy.\[[@ref13]\] Screened patients who had no or non-proliferative retinopathy were found to have a very low risk of eventual blindness from diabetes.\[[@ref15]\] In this study, we aimed to estimate the prevalence and progression of DR and to identify its risk factors in the primary care setting.

Materials and Methods {#sec1-2}
=====================

This study was a cross-sectional chart review study using patient medical records. Three governmental primary health care centers were randomly selected from 12 centers equipped with well-established diabetic care units located in the city of Jeddah, Saudi Arabia. The total number of registered diabetics was 896 from April 2014 to April 2017. Medical records were reviewed, and only the complete medical records containing all the variables to be studied were included in this study. These variables included the following: the sociodemographic data \[age, gender, height, weight, body mass index (BMI), smoking status\]; systolic and diastolic blood pressure measurements obtained by the unit nurse for each visit or noted as a hypertensive patient undergoing treatment; type, onset, and duration of DM; presence or absence of microvascular complications, such as retinopathy, neuropathy, or nephropathy; presence or absence of macrovascular complications, such as stroke and cardiovascular disease; type of treatments prescribed (oral hypoglycemic, insulin combined with oral hypoglycemic or insulin alone); the frequency of ophthalmological referral; the results of screening at the initial visit performed by ophthalmologists at the General Eye Hospital in Jeddah; the results of three consecutive screenings at regular 1-, 2-, and 3-year follow-up visits in the primary care center; and the measurement of hemoglobin A1c (HbA1C) and low-density lipoprotein (LDL) levels and the glomerular filtration rate (GFR). The level of HbA1C was measured using the method certified by the National Glycohemoglobin Standardization Program and standardized per the Diabetes Control and Complications Trial assay. The HbA1C level was categorized into three groups (less than 8, 8.1--10, and greater than 10). A value of less than 8 was considered controlled. The LDL level was used a marker for dyslipidemia, and a value greater than 100 mmol/L was considered high. The GFR was calculated using the National Kidney Foundation method of calculation, and a GFR less than 60 was considered to indicate nephropathy. The data were categorized as dependent variable, which was DR of any grade, and independent variables (age, sex, the duration of diabetes, BMI, HbA1C and LDL levels, and the GFR). The screening intervals were categorized into four groups: the initial visit findings, and the findings after the first, second, and third annual screening intervals. The incidence of DR of any grade and the percentage of progression occurring over the 3 years were determined. This study was ethically approved by the Directorate of Health Affairs, the Research and Studies Department, the Scientific and Biomedical Committee, Jeddah, Saudi Arabia (ethical approval no. H-02-J-002).

Statistical analysis {#sec1-3}
====================

Statistical analysis was conducted using Statistical Package for Social Sciences (SPSS) version 20.0 software (IBM Corp., Armonk, NY, USA). Chi-square test (χ^2^) was used for categorical variables, whereas *t*-test was used for continuous variables. A *P* value of \<0.05 was used as the level of significance. Independent *t*-tests were used to evaluate the changes that occurred during the three screening intervals. Multinomial logistic regression analyses were performed to determine the most significant risk factors associated with the changes in DR. Adjusted odds ratio (ORs), 95% confidence intervals (CIs), and a *P* value \<0.05 as the level of significance were used to assess the risk factors most closely related to changes in the incidence and progression of DR during the 3 years.

Results {#sec1-4}
=======

A total of 250 medical records of those registered patients with diabetes who were in primary care centers during the period from April 2014 to April 2017 were complete and fulfilled the inclusion criteria. There were 120 (48.0%) males and 130 (52.0%) females. In the initial screening, there were 38 cases with DR. Each sex group (male and female) had the same number of DR cases, with 19 (50.0%) for each, whereas other eye diseases (cataract and refractive errors) were present in 40 (56.3%) females and 31 (43.7%) males. Normal eye examination results were observed in 141 diabetics, 71 (50.4%) were females and 70 (49.6%) were males. Among the 38 confirmed cases of DR, 4 (10.5%) had DM I, whereas majority (34; 89.5%) had DM II. With regard to duration of DM, 3 (7.9%) had DM for less than 10 years, 13 (34.2%) for 10--20 years, and 22 (57.9%) for more than 20 years. The majority of the patients (20; 52.6%) had a BMI of less than 30 and 18 had BMI of greater than 30. HbA1C level was also measured among diabetics with DR. Only 1 (2.6%) had a level of 8 or less, whereas 22 (57.9%) had levels of 8.1--10, and 15 (39.5%) had levels greater than 10. Among the 38 DR cases, 5 (13.2%) had controlled DM, whereas 33 (86.8%) had uncontrolled DM. Moreover, 30 (78.9%) had hypertension. All 38 patients were undergoing treatment. Four (10.5%) were on oral hypoglycemic drugs(OHD), 6 (15.8%) had insulin only, 5 (13.2%) had insulin and metformin, and 23 (60.5%) were on insulin and OHD. Three (7.9%) patients were smoking; 26 (68.4%); and 17 (44.7%) had nephropathy. Chi-square statistical test was performed to estimate the degree of association between DR and independent variables. There was no significant association with DR and known risk factors including sex (*P* = 0.668), type of DM (*P* = 0.080), obesity (*P* = 0.980), and smoking (*P* = 0.992). On the other hand, the duration of DM (*P* = 0.0005), HbA1C level (*P* = 0.0005), uncontrolled diabetes (*P* = 0.0005), hypertension (*P* = 0.0005), dyslipidemia (*P* = 0.002), nephropathy (*P* = 0.0005), and insulin treatment (*P* = 0.0005) were all significantly associated with DR \[[Table 1](#T1){ref-type="table"}\].

###### 

Association between sociodemographic characteristics and diabetic retinopathy and other eye disorders
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[Table 2](#T2){ref-type="table"} shows the prevalence of DR every year of screening interval. Initially, the prevalence of DR of any grade was 15.2% (95% CI 10.8%--19.7%). The other eye diseases (refractive errors and cataract) were present in 71 cases with a prevalence of 28.4% (95% CI 22.8%--34.2%). The total number of DR cases increased to 49 cases at the first annual screening interval, with a prevalence of 19.6% (95% CI 14%--23.6%). At the second screening interval at 2 years, there were 56 cases of DR and the prevalence was 22.4% (95% CI 17.2%--27.6%). A total of 64 cases were detected in the third screening interval after 3 years with a prevalence of 25.6% (95% CI 20.6%--34.8%), as shown in [Table 2](#T2){ref-type="table"}.

###### 

Prevalence of diabetic retinopathy cases at each screening interval
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The frequency and percentage of the different grades and diagnoses at the three screening intervals were also determined \[[Table 3](#T3){ref-type="table"}\]. The initial findings showed that 141 (56.4%) patients with diabetes had normal eye conditions, whereas patients who had mild NPDR, moderate NPDR, maculopathy, cataract, and refractive errors were 24 (9.6%), 10 (4.0%), 4 (1.6%), 3 (1.2%), and 68 (27.2%), respectively. During the 3-year screening interval, it was notable that diabetics with mild NPDR increased to 35 (14%) in the first year, to 40 (16.0%) in the second year, and to 42 (16.8%) in the third year. Patients with moderate NPDR also increased to 12 (4.8%) in the second year, and to 14 (5.6%) in the third year. During the third year of screening interval, two patients reported having severe NPDR. Patients with diabetes with maculopathy increased to 6 (2.4%) in the third year of screening. Those with cataract condition also increased to 4 (1.6%) in the first year, 7 (2.8%) in the second year, and 12 (4.8%) in the third year. Patients with refractive errors increased to 71 (28.4%) in the first year and remained the same in the succeeding years of screening.

###### 

Frequency and percentage of the different diagnoses at the three screening intervals
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A multinominal logistic regression with calculation of adjusted OR and 95% CI revealed a significant association of these changes with DR and risk factors such as age \>60 years (*P* = 0.002), duration of diabetes of \>10 years (*P* = 0.001), an HbA1C level \>8 (*P* = 0.001), hypertension (*P* = 0.005), and insulin therapy (*P* = 0.002). Therefore, these factors were identified as strong predictors of the incidence and progression of DR \[[Table 4](#T4){ref-type="table"}\].

###### 

Logistic regression analysis for the risk factors that might be associated with the main changes
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Discussion {#sec1-5}
==========

DR is one of the major microvascular complications of DM. DR can be a threat to the eyesight and even progress to blindness.\[[@ref16][@ref17]\] In general, this study aimed to estimate the prevalence and progression of DR. Several national and international studies that have been conducted to determine the prevalence of DR have reported values that range from 15% in some studies to 36% in others.\[[@ref18][@ref19][@ref20][@ref21][@ref22]\] Studies from Saudi Arabia\'s southern region reported a prevalence of 36.4%, which is much higher than the previously reported prevalence of 11.3% in the same region by Ahmed *et al*.\[[@ref23]\] The last study using the Saudi National Diabetes Registry found that the overall prevalence of DR in Saudi Arabia is 19.7%,\[[@ref8]\] which was fairly similar to the initial findings of this study with 15.3% confirmed cases of DR.\[[@ref24]\] In this study, the findings over three consecutive screening intervals revealed that there was a steady increase in the prevalence of DR. At the first annual screening interval, there was an increase from the initial prevalence of 15.2%--19.6%, and then to 22.4% at the second screening interval. The prevalence reached 25.6% at the third screening interval. During the 3-year screening interval, it was notable that diabetics with mild NPDR, moderate NPDR, and severe NPDR have increased in number, which means that there is progression in the severity of DR every year of screening interval. The screening program for DR in primary care centers follows the Saudi National Diabetic Guideline for Primary Care, which recommends an annual referral to ophthalmologists or optometrist to perform a comprehensive ophthalmological examination for early detection of DR, and the findings and recommendations of these professionals are sent back to the referring center. DR has a delayed onset and a slow, gradual progression over many years and can even regress when the disease is in an early mild form.\[[@ref25]\]

This study also aimed to identify the risk factors of DR in the primary care setting. The findings of this study showed that there was no significant association with DR and known risk factors including sex, type of DM, obesity, and smoking. Some studies including one in China\[[@ref26]\] and Saudi Arabia\[[@ref27]\] have presented a predominant rate in the prevalence of DR among male patients with diabetes, compared to females. However, no known study has showed a clear explanation on this correlation. Although it was found to be statistically insignificant, DR occurrence in DM type 2 was relatively higher (89.5%) than that of DM type 1 (10.5%). In contrast to this, there were higher rates of DR in DM type 1 than in DM type 2, as exhibited by studies of Konstantinidis *et al*.\[[@ref28]\] and Nentwich and Ulbig.\[[@ref29]\] The prevalence was found to vary over time, which was likely because of the better quality healthcare for DM over time and the prevalence studies can stipulate better understanding into these sequential variations.\[[@ref30]\] Although the influence of obesity on DR had shown inconsistent results,\[[@ref31][@ref32][@ref33]\] more recent reports showed positive correlation of increased BMI and waist-to-hip ratio with increased risk of DR.\[[@ref34][@ref35][@ref36]\] Similar to this study findings, smoking history in another study was not identified as a risk factor to DR because of its very low occurrence in patients with diabetes.\[[@ref37]\] On the other hand, the duration of DM, HbA1C level, uncontrolled diabetes, hypertension, dyslipidemia, nephropathy, insulin treatment, and age were identified as risk factors of DR among diabetics in this study. A significant association was shown between DR and the duration of diabetes, similar to the results reported in other studies.\[[@ref37][@ref38][@ref39][@ref40][@ref41]\] Some studies even reported that the duration of diabetes seemed to be the strongest factor associated with the development of DR.\[[@ref42][@ref43][@ref44]\] Similar to the identified association between DR and HbA1C level, a study conducted in the Netherlands helped to identify patterns of DR progression, showing that especially in a small group of people with higher HbA1Clevels, fast progression from NPDR to PDR may occur.\[[@ref45]\] Therefore, a close examination of patients with DR and poor glycemic control is suitable.\[[@ref25]\] A high rate of uncontrolled diabetes was also found to be a significant risk factor in this study. Similar finding was revealed in a Korean study wherein it was stated that proper glycemic control can reduce the possibility of DR development, even in patients with a long duration of diabetes.\[[@ref46]\] Several studies have suggested that diabetes duration is one of the strongest and non-modifiable risk factors for DR.\[[@ref47]\] Therefore, achieving proper glycemic control might help reduce the risk of DR in patients who have a long diabetes duration.\[[@ref46]\] Conflicting results have been reported about the effect of HbA1C variability on diabetic microvascular complications.\[[@ref48][@ref49][@ref50]\] In spite of several epidemiologic studies that did not find blood pressure to be a consistent risk factor for DR incidence and progression,\[[@ref51][@ref52][@ref53]\] multiple randomized controlled trials have established the benefits of tight blood pressure control as a major modifiable factor for DR incidence and progression, which was also found in this study findings.\[[@ref30]\] Similar to the results of this study, there have been numerous clinical trials and observational studies on proving the association between dyslipidemia and DR.\[[@ref40][@ref54][@ref55][@ref56]\] However, it remains uncertain whether dyslipidemia is related to the incidence and progression of DR.\[[@ref46]\] In contrast to this study, a recent study conducted in Oman\[[@ref57]\] did not detect any association between DR and nephropathy. Only 13.7% of all patients with diabetic nephropathy have reported concomitant DR, which is less than our results of 44.7%. Few studies also reported low prevalence of DR among nephropathic patients.\[[@ref38][@ref39]\] DR and other microvascular complications such as neuropathy proceed the onset of nephropathy and are expected to have strong association between them. Although the difference in method and accuracy of diagnosing DR may result in low prevalence.\[[@ref57]\] There was also a strong association between insulin therapy and DR found in this study. Similar findings have been reported in studies from China, Finland, Jordan, and Saudi Arabia.\[[@ref8][@ref20][@ref23][@ref26][@ref58]\] Finally, it was showed in this study that there is a significant association between DR and the age of the patient. In a study conducted in mainland China,\[[@ref26]\] an older age seemed to be a protective variable for DR but was instead found to be a variable for sight-threatening DR, especially in patients with diabetes older than 60 years. Even though older age was associated with a lower incidence of DR in their study, it was associated with a greater threat to vision. They explained this phenomenon by a higher mortality risk in older DR populations.\[[@ref26]\]

Conclusion {#sec1-6}
==========

In view of these findings, it can be concluded that the duration of DM, HbA1C level, uncontrolled diabetes, hypertension, dyslipidemia, nephropathy, insulin treatment, and age are strong predictors or risk factors of DR, having an increasing prevalence and progression in severity in the 3-year screening interval done in this study. Therefore, primary prevention is highly recommended to control the risk factors that will delay the onset and progression of DR.

Limitations {#sec2-1}
-----------

The limitations of this study are the small sample size and the variation in the initial presentations and in the pre-registration history of diabetes and its complications in patients who were included in the study. This study was performed in a primary care setting, which is different from a hospital-based setting that may affect the outcome.
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